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DETECTION OF MICROORGANISMS AND DETERMINATION OF THEIR SENSITIVITY TO 
ANTIBIOTICS 

FIELD OF THE INVENTION 

The present invention is generally in the field of 
microbiology and more specifically concerns microbiological 
assays. In particular, the present invention provides a 
computerised image analysis method for detecting 
microorganisms in a biological sample. Furthermore, the 
present invention, provides a computerised image analysis 
method for assaying the sensitivity of microorganisms to 
antibiotic drugs. 

Also provided by the present invention is a system 
for carrying out the method of the^ invention. 

BACKGROUND OF THE INVENTION AND PRIOR ART 

The prior art considered to be relevant as a 
background to The present invention is listed in the end of 
the description before the claims. These prior art 
references will be acknowledged by indicating in brackets 
their number in this list. 

Microbiological tests have a wide range of 
applicability such as in medicine, in monitoring water 
quality, in assuring food safety etc. In clinical practice 
•> microbiological assays are of particular importance and have 

a major role in the diagnosis of infections and/or 
determinarion of a proper drug treatment in case of 
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infection. In such assays the presence* of par ho logical 
microorganisms in clinical samples, their number, their 
identity as well . as their sensitivity to antibiotic drugs 
are determined. 

The most widely used microbiological assays 
involve incubating a biological sample on various growth 
media and determining the growth of microorganisms- thereon 
(1). In order to determine sensitivity of the microorganisms 
to drug growth of the microorganisms is determined in the 
presence of the .drug (2). Among the biggest drawbacks of 
such assays is the ■ fact that they require a considerable 
time, usually 24 to 48 hours, and thus do not enable a rapid 
diagnosis which is required in cases where immediate 
treatment is necessary. Thus very often physicians are 
compelled to begin treatment without waiting for the 
clinical results which thus have only a confirmatory value. 
Consequently the treatment is not always appropriate and is 
also given at times to non-infected patients. . 

Additionally, such assays are labour consuming and 
require a considerable amount . of laboratory space and this 
considerably limits the widespread use of such assays in 
screening of susceptible populations for the occurrence of 
insertions. For example, urinary tract infections are not 
always accompanied by clinical symptoms (5) and elderly 
people in which asymptomatic infections may be dangerous 
(5,6,7), may not be routinely tested. 

It may thus be readily understood that methods 
which do not involve prolonged incubation periods and in 
which the detection, identification and determination of the 
sensitivity of microorganisms to antibiotic drugs is thus 
rapid, would be highly desirable. 

There are a number of rapid methods and' systems 
for detecting microorganisms and determining their 
sensitivity to antibiotic drugs which are currently 
available (see for example 8,9,10,11,12,13,14,15). By one 
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type of such methods and systems the detection of the 
microorganisms end the determination of their sensitivity to 
antibiotic drugs, involves a certain initial incubation 
period of up to about 24 hours. In addition to the time 
involved, such methods and systems suffer from serious 
drawbacks in that they give rise to a large proportion of 
false positive as well as false negative results. 
Furthermore, these methods and systems are often not 
sensitive to concentrations of microorganisms below about 
10^ or some times even 10 5 microorganisms/ml. Examples of 
assays which belong to this group are the Autobac System 
(16,17), the Auto Microbic System (18,19,20), the Impedance 
System (21) and the Bactec System (22). 

Another group of such methods do not require an 
initial incubation period and therefore are more rapid. 
However, all these methods have a serious drawback in that 
they do not enable the determination of sensitivity of the 
microorganisms to antibiotic dr-ugs and in that, similarly as 
above, they have a problem of a high rate of false positive 
and false negative results and they are incapable of 
detecting microorganisms in concentrations of less than 
about 10 4 -10 5 microorganisms /ml. Examples of such assays are 
the Bac-t-Screen (19,20,23,24), the Leucocyte Esterase 
Activity Assay (19,23,25), the Nitrite Test (19,23,26) and 
the ATP Assay (26,23,27). 

It should be noted that all methods described 
above involve the determination of a single average trait of 
the bacterial population, a fact giving rise to many of 
these method ! s drawbacks. A method which will test several 
traits on the level of single microorganismal cells has the 
potential of being much more sensitive in the identification 
and characterisation of microorganisms in a biological 
sample . 
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OBJECTS OF THE PRESENT INVENTION 

It is the object of the present invention to 
provide a computerized image, analysis method and system by 
which microorganisms in a biological sample may be rapidly 
and reliably detected and characterised. 

It is a further object of the present invention to 
provide a computerised . image analysis method and system in 
which microorganisms may be detected and characterised on 
the basis of various morphological properties which 
distinguish between microorganisms and other particles, as 
well as between different types of microorganisms - 

It . is a still further object of the present 
invention to provide such a method and system by which the 
sensitivity of the microorganisms to various antibiotic 
drugs may be assayed. 

Remaining objects of the invention will become 
clear from the following description. 

GJhXKKRIi DESCRIPTION OF THE INVENTION 

The present invention provides a computerised 
image analysis method by which a specimen is placed in a 
microscope, the sample's image is recorded, e.g. by a video 
camera, a grid of photovoltaic cells or on a photographic 
film, digitised, possibly stored and analysed either on- or 
off-line. On the basis of the analysis- microorganisms are 
identified, enumerated and characterised. 

In analysing a microscopic image for the detection 
of microorganisms, it is first necessary to distinguish 
between microorganismal. cells and other particulate 
materials of similar size which may be present in the 
specimen such as tissue debris, dust particles, protein and 
sugar aggregates etc. Very, often the overall optical 
properties of such non-microprganismal particles as well as 
their shape is similar to that of .certain microorganisms and 
therefore in using conventional image analysis techniques, a 
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large percentage of such object may be classified as 
microorganisms cr alternatively, a large number of 
microorganisms may be characterised as being non- 
microorganismal objects which will thus mean either an over- 
count or an under-count of the microorganisms, respectively. 
This fact is the main cause of the failure hitherto to use 
image analysis techniques in microbiological assays. 

As known, an object viewed under the microscope is 
not homogeneous in its . brightness and various parts of the 
object may differ from one another in their brightness. This 
non-homogeneity results from the difference in this object's 
composition between different parts as well as from the 
object's shape. It was surprisingly found in accordance with 
the present invention that microorganisms differ from non- 
microorganismal objects in the spacial distribution of 
brightness in an object. A particular example is the rate or 
gradient of change in brightness across the object's edge 
(between the interior to the exterior of the object), which 
was found to differ significantly between microorganisms and 
non-microorganismal objects of the same size. The degree of 
change in brightness across an object's edge will be 
referred to hereinafter as the "Optical Slope" . -Another 
example is a parameter to be referred to hereinafter as 
"moment" which is a product of the light intensity at each 
point and of the distance of this point from the object's 
edge. 

The present invention thus provides a computerised 
image analysis method for detecting microorganisms in a 
sample comprising placing a specimen from the sample in a 
microscope, recording the image viewed through the 
microscope by appropriate image recording means, analysing 
the image to identify particulate objects therein and 
classifying these objects as microorganisms or non- 
microorganismal objects, which classifying comprises 
determining the spacial distribution of brightness 



throughout each of the objects. 

By one preferred embodimenr of the method of the 
invention said classifying comprises determining the optical 
slope of an object. . By another preferred embodiment said 
classifying comprises determining the moment of an objecr. 

The spacial distribution of brightness of 
microorganismal objects in general and the optical slope and 
the moment in particular ■ falls within a certain range 
depending on various, factors such as, the type of 
illumination and its intensity. For example, in transmitted 
light illumination, where a very bright or a very dim 
illuminating light source is being used, the general 
contrast in the image viewed through the microscope is 
smaller than where the illuminating light has a medium range 
and hence the moment and the optical slope of objects under 
bright: or dim illumination are smaller- than under 
conditions of medium range intensity illumination. Where a 
fluorescent dye is being used, . the optical slope and the 
moment are essentially . independent of the illuminating 
light intensity over a large range thereof. 

The magnitude of. these will also depend on the 
type of illumination: where an illumination yielding strong 
contrasts in the image is being used, such as dark field 
illumination, phase contrast illumination or 
epifluorescence, the moment and the optical slopes for 
example will be larger than when using illuminations which 
do not give a. strong contrast such as standard transmitted 
light illumination - 

In order to increase the contrast and facilitate 
the identification of objects in a specimen and distinguish 
between microorganisms and non-microorganismal objects, it 
.is preferred to use various contrasring agents: dyes which 
stain living matter in particular, e.g. methylene blue, 
acridine organe,- ethidium bromide, etc. ; . dyes which are 
capable of distinguishing between one . group of 
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microorganisms to another, e.g. cram s~ain, as well as dyes 
and reagents which are capable of identifying specifically 
one group of microorganisms, such as the monoclonal 
antibodies, subject of Israel Patent Application No. 95140, 
which are specific for Znterobacterlaceae. 

It should be noted that the absolute value of both 
the optical slope and the moment depends on the "type of 
illumination used: where the illumination is of a kind in 
which particulate objects are viewed as brighter than their 
surroundings, such as for example, epif luourescent 
illumination, dark field illumination, etc. , the optical 
slope will have a positive value (the gradient being 
measured from the inside out) while where the illumination 
is of a kind in which particulate objects seem darker than 
their surrounding, e.g. standard field illumination, the 
optical slope will have a negative value; where the 
illumination is of a kind in which contrasts are more 
pronounced, such a phase contrast or dark field 
illumination, the moment will be larger than in 
illuminations which tend to reduce contrasts such as 
standard, transmitted light illumination. In addition, the 
absolute value of both the optical slope and the moment as 
will be readily appreciated by a man skilled in the art, 
depends also on the type of lens used, on the type of 
microscope, on whether filters are used and the kind of 
filters, etc. 

A person versed in the art will have no 
difficulties with a limited, straightforward experimentation 
to calibrate a system having a specific setup in order to 
determine the range of values of both the optical slope and 
the moment, which characterize a microorganism. This may be 
performed for example by determining, under the same 
conditions, the optical slope and the moment of objects in 
standard suspensions which contain either various non- 
mi croorganismal objects and other suspensions which contain 
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:?.icroorganisms . 

The accuracy of the assay in accordance with the 
invention may be increased if various other morphological 
parameters for each object are also determined. Such 
morphological parameters include the object's length, width 
and area as well as the overall shape. 

The term "morphological parameters" to be used at 
times hereinbelow denotes parameters . of an object which are 
measured in accordance with the present invention including 
the optical slope, moment, length, width, and the overall 
shape and any other measured parameter. 

By determining various morphological parameters of 
each object it may be characterized as either a 
microorganism or a non-microorganismal object on the basis 
of its position in a multi-dimensional parameter field, the 
parameters being two or more selected, from the group 
consisting of the optical slope, moment, length, width, 
area, overall shape as well as any other morphological 
parameter- In addition to improving the accuracy in 
determining whether an object is a microorganism or not, the 
position of an object in such a multidimensional parameter 
field may enable further characterisation of an object as to 
its identity, e.g. ' bacteria, yeast, type of bacteria or 
yeast etc. 

By identifying all microorganisms in one or more 
viewed images of one or more specimens the concentration of 
microorganismal cells in the sample may be determined. 

The present invention also provides a method for 
determining the sensitivity of microorganisms in a 
biological sample to antibiotic drugs. For determining the 
sensitivity of microorganisms in a sample to such drugs, a 
specimen of the sample is incubated for a short period of 
time r e.g. 0.5-2 hour "in the presence of the drug and the 
concentration of the microorganisms in the sample after such 
ail incubation is. compared to that of a control specimen from 
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the same sample incubated under the same conditions but 
without the ancibiotic drug. 

The present invention Thus provides a method for 
determining the sensitivity cf microorganisms to an 
antibiotic drug which comprises preparing a test mixture 
comprising the microorganisms and the antibiotic drug and a 
control mixture comprising the microorganisms, but without 
the antibiotic drug, incubating both mixture under the same 
conditions for the same amount of time and determining the 
concentration of the microorganismal cells in both mixtures 
by the computerised image analysis method of the invention. 

Additionally, it was surprisingly found in 
accordance with the present invention that microorganisms 
sensitive to an antibiotic drug undergo detectable 
morphological changes when exposed to this drug. 
Morphological changes of microorganisms as a result of 
exposure to antibiotic drugs have been reported (27) but to 
date no correlation was found to exist between the 
morphological change and the antibiotic sensitivty ( 28 ) . It 
is only with the present invention where for the first time 
microorganisms were accurately identified and various 
morphological parameters have been measured on the .single 
cell level that it was found that certain morphological 
changes of microorganisms which occur as a result exposure 
ro antibiotic drugs are an indication to the sensitivity of 
microorganisms to such drugs. 

The present invention thus provides a method for 
determining the sensitivity of microorganisms to an 
antibiotic drug which comprises preparing a test mixture 
comprising the microorganisms and the antibiotic drug and a 
control mixture comprising the microorganisms, but without 
the antibiotic drug, incubating both mixture under the same 
conditions for the same amount of time, measuring the 
microorganisms morphological parameters and determining the 
sensitivity on the basis of a change in these parameters 



WO 93/21511 



PCT/GB93/00710 



between the rvo mixtures 

For determining the sensitivity, of microorganisms 
to antibiotic drugs,- preferably both morphological- changes 
as well as changes in cell concentration after exposure to 
the drugs are determined and the degree - of sensitivity of 
the microorganism in question to the. said drug is determined 
on the basis of both results. 

Also provided by the present invention is a system 
for carrying out the method in accordance with the present 
invention which system comprises a microscope, means for 
recording the image viewed through the microscope, means for 
digitising . the recorded image and image processing means 
characterised in that said image processing means are 
adapted to determine the optical slope and/or the brightness 
variance of the ob jeers recorded by said image recording 
means. 

Preferably said image processing means are adapted 
also for analysing, various other morphological parameters of 
the objects detected in the image, viewed through the 
microscope. 

The method and system of the "present invention 
thus enable the determination of a microorganismal cell 
concentration .as." well as the characterization of 
microorganisms in a sample- The method'- and system of the 
present invention enable also to assess the sensitivity of 
microorganisms to antibiotic drugs by measuring both cell 
concentration as well as various . morphological parameters 
with and without exposure to the antibiotic drug. 

DETElTLED description of the drawings 

The annexed drawings serve as an illustration of 
the present invention. In the drawings: 

Fig. 1 gives a general outline of ■ operational 
steps of the initial characterisation of objects in a sample 
in accordance with the present invention.- 
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Figs. 2-4 are "ore detailed outlines of each of 
the operational steps identified as blocks I-III in Fig, 1, 
respectively; 

Fig. 5 is a graphical representation of results of 
cell concentrations of E. coll suspended in buffer, obtained 
by the method of the present invention (Ordinate) versus 
actual cell counts (Abcissca). Open squares represent 
individual results and open triangles average of two or 
three results. 

Fig. 6 is a graphical representation of cell 
concentration in 144 milk samples determined by a standard 
method (Abcissca) versus cell concentrations obtained by the 
method in accordance with the invention ( Ordinate ) . 

Fig. 7 is a graphical representation of a 
comparison made between bacterial concentration in urine 
determined by the standard method (Ordinate) versus results 
obtained by the method in accordance with the present 
invention (Abcissca). 

DETAILED DESCRIPTION OF THE INVENTION 

In the following the invention will be illustrated 
with reference to a non-limiting specific embodiment shown 
by way of block diagram in the accompanying drawings. A 
person versed in the art will no doubt appreciate that 
various modifications of this embodiment as well as other 
embodiments may be envisaged all being within the scope of 
the invention as defined above. 

For performing the method in accordance with the 
present invention, a biological sample is first placed under 
the objective of a microscope and illuminated. Quite 
generally, any type of illumination may be used but 
preferred in accordance with the present invention is use 
such an illumination by which small particulate transparent 
objects such as bacteria seem brighter than their 
surroundings, e.g. dark field illumination, phase contract 
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illumination and epif iuorescence, the latter being 
particularly preferred. (Dyes used for epi fluorescence may 
for example, be fluorescein, isothiocyanate, acridine 
orange, ethidium bromide, propidium iodide, etc)- It is 
furthermore preferred in accordance with the present 
invention to add various dyes which increase the contrast in 
the image and thus facilitate the detection of small objects 
in the sample. Particularly preferred are dyes which are 
capable of staining living matter, thus facilitating the 
distinction between cells and other particulate objects, and 
especially dyes which are capable of staining specifically 
microorganisms. Most preferred for use in the method of the 
present invention are dyes which are capable of staining a 
specific group of microorganisms, such as the 
Enterobacteriaceae antibodies disclosed in the copending 
Israel Application No. S4140.. 

It is preferred to flatten and level a sample to 
be tested so as to be capable of focussing on all objects in 
a field of view at the same time. . 

The illuminated and optionally stained sample, is 
recorded by appropriate image recording means which may, for 
example r be a video camera an array of photovoltaic cells, a 
video camera being particularly preferred for the simplicity 
of its use (including the relative simplicity of the 
electronic circuit required for recording the image) and 
its relatively low price. The image is recorded by said 
image recording means as a multitude of picture elements 
(pixels), and the brightness in each of said pixels is 
measured and digitised . 

. The so-measured and digitised images are then 
processed as shown, generally by way of a very simplified 
block diagram ' in Fig . 1 . At the first stage I the pixels 
which form part of object are identified and objects are 
tagged. Thereafter, at a next stage II, the objects 
identity, . namely whether it is a microorganism or a non- 
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microorcanismai object, is derermined in accordance with the 
present invention and then at a final stage III, various 
morphological parameters of the objects which were 
identified as microorganisms are determined. Each of the 
method stages I to III in Fig. 1 are described in somewhat 
more details hereinbelow with reference to Figs. 2-4, 
respectively. 

Reference is made now to Fig. 2 which describes 
the manner in which objects are identified and tagged. At 
■the first stage the brightness level in each one of the 
pixels, I ( x ,y) [I (x,y) ~ the brightness level of a pixel 
having certain x,g coordinates] is measured and therefrom 
the average brightness of the entire field of view, I av , and 
the standard deviation of the brightness, c, are determined . 
I^,, and a are used in the next stage to compute the 

av 

threshold brightness level, which is a brightness 

level used as a reference level in the following stages. 1^ 
may be computed as a brightness level higher by a certain 
amount of standard deviations (a), e.g. three in the 
embodiment shown in Fig. 2, from I av - 

Alternatively , in a precalibrated system the 
threshold brightness level, J th' may also ' be a 
predetermined constant. 

Local maxima, which are pixels the brightness of 
which is stronger than their eight neighbours, are then 
identified. The local maxima, 1^, are compared to I th , 
those being smaller than 1^ are discarded while those 
being larger than I th are tagged. A brightness level above 
which an adjacent pixel is considered as belonging to the 
same object as a tagged pixel, I 0 £,j, is determined, I 0 t>j 
being a certain fraction of I lm , 3/5 in the particular 
embodiment shown in Figure 3. Then, each pixel which is 
touching a tagged pixel, and which has a brightness level 
that is larger or equal to I 0 fcj is being -tagged and 
eventually this brings about tagging of all the relevant 
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pixels touching either the local maximum pixel or orher 
tagged pixels. All tagged pixels touching one another are 
-hen considered as one object. 

By repeating this operation with respect to all 
the local maxima in the viewed image, all ob jeers are being 
tagged. 

Local maxima which are close to one another, e.g. 
separated from one another by one or two pixels and the 
tagged pixels associated therewith are interpreted as 
belonging to a corresponding number of objects. 

The objects identified as above consist of 
microorganisms as well as non-microbrganismal objects such 
as dust particles, aggregates of macromolecules , cell debris 
and the like. The present invention is characterised by the 
mariner in which the non-microorganismal objects and 
microorganisms are distinguished from one another. An 
example of the manner in which this is being carried out is 
described in Figure 3. 

■ As mentioned above,, it was found in accordance 
with the present invention that an object may be 
characterised as a microorganism on the basis of its optical 
slope, as defined above. If the optical slope falls within a 
certain predetermined range, which depends to a large extent 
on the irype of illumination and the light intensity, the 
object is classified as a microorganism, and where the 
optical slope is either larger or smaller than this range, 
the object' is classified as a non-microorganismal object. 

The optical slope may be determined by a number of 
ways and the specific embodiment shown in Figure 3, is an 
example only. 

For. determining the optical slope- in accordance 
with this embodiment, at: first stage the average brightness 
of pixels at the edge of an object, (namely tagged pixels of 
an object which touch untagged pixels and also the average 
brightness of all untagged pixels (which are thus not part 
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cf the object), but which touch the aforementioned tagged 
pixels are determined and corresponding values (a) and (b) 
are obtained. The optical slope is then determined as a 
function of both (a) and (b), e.g. by computing the 
difference between (a) and (b) or the ratio of (a) to (b) 
and the like. The value of this function, f^ a ^j, is 
compared to certain predetermined values Kl and K2 and if 
the object falls within these values it is considered as a 
microorganism, while where f^ a b j is above or below this 
range, the object is considered as a non-microorganismal 
object. 

The values Kl and K2 may be determined 
experimentally by testing known samples containing either 
various kinds of microorganisms or various kinds of 
non-microorganismal ob j ects . 

For example, using the parameters of the 
experiment which are described below it was found that where 
f(a,b) was calculated by the difference between (a) and (b) 
^ f (a b) " a ~k] / the values of k± and k 2 where 10 and 1.6 
(namely where f( a ^) was ^ et:ween 1*6 and 10 the object was a 
microorganism) and where f^ a ^) was calculated by the ratio 
of (a) to (b) [f( a 5) =a/b] , the values of and k 2 where 
100 and 25, respectively. 

In addition to the optical slope, also other 
parameters of an object may be determined. Such parameters 
are for example, the moment, length, width area and overall 
shape. Such parameters may serve for a better 
characterisation of an object as a microorganism or a non- 
microorganismal object on the basis of its position in a 
multidimensional parameter field. Such position of an object 
enables also a further characterisarion of a microorganism 
as to its identity. 

Determination of the object's length, width and 
area may be performed as known per se and this will thus not 
be elaborated herein. 
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Reference is ' now made to Fig . 4 which shows , bv 
way of example, one embodiment for the determination of an 
object f s overall shape, which is referred to herein as the 
"roundness". The roundness is a measure of how close the 
object's shape is to a circle. 

At first stage the average X coordinate X av , and 
the average Y coordinate of an object, Y av , are determined 
and the coordinates of the object's centre, (X av , Y av ), are 
calculated therefrom. Then the distance, x ± , of each tagged 
pixel of an object to (X av , Y av ) is calculated, the smallest 
r i' r min' 311(1 the largest, r max , are determined and the 
roundness, R, is then calculated from the difference of r 

to r min divided by the object's length, L [R = (r„ aw - 

max 

r min^/ L ^ an R of 0 denotes a spherical object while an R 
close to 0.5 denotes a rod-like object. 

A particularly _ useful parameter in. characterising 
an object as a microorganism and in further characterisation 
of microorganism's properties, is the momant. It was found in 
accordance with the present invention that the moment of 
microorganisms differs from that of non-microorganismal 
objects. The moment may be used by itself for characterizing 
an object as a microorganism or a non-microorganmismal 
object, or preferably in combination. with other parameters 
mentioned above. In order to characterize an object as a 
microorganism r the moment of an object has to be within a 
certain range which is determined experimentally. 

The moment (M) may be determined by many ways. By 
one such way, which is given herein as an example only, the 
moment is determined in accordance with the following 
formula : 



M (object) = Z[r2 (x,y)* I (x,y)3 



wherein. 
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r (x,y) is zhe distance cf pixel (x f y) from the 
ob jeer's cenrre (:< av ,y av ); 

1 (x,y) is the bri Q ht ness of each pixel (x,y). 

As will be appreciated by the artisan, the moment 
may also be determined by other various other functions of 
both position and light intensity than the one given herein. 

The uniqueness of the method of the present 
invention is in that in contrast to prior art methods, it is 
performed by determining properties of individual objects, 
from which representative values for the entire population 
(an average and a standard deviation for each one) may be 
determined. These representative values are characteristic 
features of a microorganismal population and may at times be 
used to identify the exact type of microorganisms in a 
sample. Furthermore, by counting the number of 
microorganisms identified in an image or in several images 
of the same sample, the concentration of the microorganisms 
may be obtained. 

The present invention also provides a method for 
determining the sensitivity of microorganisms to antibiotic 
drugs. As known, the proliferation of microorganisms is 
inhibited when exposed to an antibiotic drug to which they 
are sensitive. Thus, by exposing a specimen of a sample to 
an antibiotic drug and comparing the cell concentration 
after such exposure to the concentration of the cells in a 
control specimen incubated under the same conditions but 
without the drug, the sensitivity of the microorganisms in 
the sample to the drug may be assessed. However, in contrast 
to the prior art method by which a long incubation period 
was as a rule required, e.g. in the range of 24-36 hours, in 
accordance with the method of the present invention the 
required incubation is much shorter, e.g. in a range of 0.5- 
2 hours. The short incubation period is due to the fact that 
since individual microorganisms are counted, even a small 
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change in their concentration, which is undetectable by 
prior art methods, may be identified. 

In accordance with the present invention it was 
surprisingly found that exposure of microorganisms to an 
antibiotic drug to which . they are sensitive, results in 
morphological changes thereof which are " detectable by the 
method of the invention. Additionally, the occurrence of 
such changes indicates the sensitivity of a microorganism to 
the drug which caused the change. In other words, there 
exists a strong correlation between morphological changes 
detectable by ■ the method of the invention and the 
sensitivity- of the microorganisms to the drug which causes 
the change. These morphological changes are particularly 
apparent when measuring* the microorganisms roundness and 
moment. - . 

Thus, the present invention provides a method for 
determining the sensitivity of microorganisms to antibiotic 
drugs comprising incubating the microorganisms for a short 
period of time, e.g. 0.5-2.0 hours, with an antibiotic drug 
and determining the degree of change in microorganisms 1 
morphological parameters, in particular the microorganisms 
roundness ' and momentum, but also other morphological 
parameters such as' length, width, area and optical slope. 

In order to determine the sensitivity of 
microorganism to antibiotic drugs in accordance with the 
present invention, a specimen containing the tested 
microorganism is incubated for a short period of time, e.g. 
0.5-2.0 hours, and a control specimen is incubated for the 
same period of time under the same conditions but without 
the antibiotic drug. The various properties of the culture, 
namely the cell concentration and the various morphological 
parameters are determined both in the tested and in the 
control specimen and the change in each parameter is 
determined, e.g. by determining the ratio between the value 
after exposure to antibiotic drugs (B) to the value of the 
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same parameter without: such exposure (A). 

Examples of such ratios as measured in accordance 
with the invention are shown in the following Table I ( A: B ) : 

TABLE I 

Parameter 

Antibiotic Lenath Area Moment Cotical SloDe 



Ampicillin 2.5 4 12 0.5 

Spelatine 2 2 4 0.5 

Sulfur 1.5 1.8 2.5 0.5 

Each such ratio is then given a score according to 
its value, e.g. between 0-100. Each of the scores is given a 
certain weight and thus a weighted average may be 
calculated. Suitably the score for the change in the 
microorganism's concentration is given a weight of about 
0.4-0.6 and the score for the change in the various 
morphological parameters is given the rest, e.g. an equal 
weight to each morphological parameter. This weighted 
average gives a measure of the microorganisms 1 sensitivity 
to the tested antibiotic drug, namely whether the 
microorganism is sensitive, resistant or intermediate. 

Unlike prior art methods of measuring sensitivity 
of microorganisms to antibiotic drugs, the method in 
accordance with the present invention may be employed on the 
original withdrawn biological sample, without any prior 
incubation stage, even if such a sample conrains several 
kinds of microorganisms. By determining the position of each 
kind of microorganism in a multidimensional parameter field, 
the microorganisms may be classified into different 
populations on the basis of their position in such a 
multidimensional parameter field and then rhe change in 
position as well as in concentration of each population 
after exposure to an antibiotic drug may be determined. 



- 19 - 



WO 93/21511 



PCT/GB93/00710 



Thereby the antibiotic drug sensitivity of each population 
within the sample may be determined in a single step. 

DESCRIPTION OF SPECIFIC EMBODIMENTS 

The present invention will now be illustrated with 
reference to some non-limiting specific Examples. 
Experimental Procedures 

. I) Bacterial Preparations 

The following bacterial strains were tested: 

a) . Four standard. ATCC strains, E. coll 25922; P. 
aeruginosa. 27853; S. faecalis 29212; S. aureus 29213 as 
recommended -by NCCLS, (NCCLS document M7-T2 vol- 8, No- 8, 
1988). 

b) Strains isolated from urine samples obtained from 
the bacteriological laboratory of The Sheba Medical Centre 
and The Zamenhoff Central Laboratory of the General Sick 
Fund of Israel (Kupat Holim). These strains, were isolated 
and identified in the laboratory using standard procedures 
as described in the Manual of Clinical Microbiology, 4th 
edition, 1985- An attempt was made to include the most 
abundant classes of urinary pathogens. Tested strains 
included E. col± r Klebsiella sp. Proteus sp. , Pseudomonas 
aeroginosa and Acinetobacter. 

All strains were stored on small glass beads ( for 
reference see Applied Microbiology, Vol. 23, p. 837, 1972) 
and stored at -20°C. Cultures were initiated by inoculating 
one bead extracted with sterile -tweezers in sterile hood 
into Muller-Hinton (MH) broth. 

Additionally; clinical urine samples and milk 
samples were also tested. 

II) Performing a. cell count in accordance with the 
Standard method ; 

Preparations were serially diluted and then seeded 
on agarose plates and after 24 hrs of incubation colonies 
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which developed on the agarose were ccunred. 

Ill) Assaying Bacterial Samples in accordance with 
the Present Invention 

1 ml from a bacterial preparation was transferred 
into an Eppendorf "tube and 20pl of the nucleic acid binding 
stain propidium iodide (PI) was added to a final 
concentration of 50pg/ml and growth of the microorganisms 
was arrested by heating to 95 °C for 5 minutes. 

3pl of each of the stained bacterial samples were 
layered on a microscope slide covered with 18x18mm cover 
slide and sealed with nail polish (Pavyon clear No, 401). 

Slides were then measured using a video-microscopy 
system in accordance with the present invention. Briefly, a 
video camera (RCA model 100SU) mounted on an epi fluorescent 
illumination microscope (Olympus Model BH-2) views the 
sample through a 60x objective and the image is transferred 
to a microcomputer through an image grabbing printed circuit 
board. The picture was divided into pixels each one 
corresponding to a picture area of 0.2 x 0.3pm in size. The 
light intensity level in each of the pixels was measured and 
digitised as a value between 0-255. Each slide was scanned 
by randomly choosing a number of fields (refocusing manually 
for each field) and the series of images were stored in the 
computer memory until at least 50 objects with fluorescent 
values above a predetermined threshold were collected. 

The files stored for each sample were copied onto 
floppy discs and were then analysed off line as follows: 

The threshold intensity was determined as 50, 
(from the overall scale of 0-255), and then tagging the 
objects, and determining their various morphological 
parameters was carried out as described above with reference 
to Figures. 1-4. The following parameters were measured for 
each object, the number against each parameter shows the 
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ranee of values thereof in which an object was considered a 
microorganism (all others were considered as non- 
microorganismal objects). 

Light intensity: 50-250. 
Object length: 2-15 pixels 
Object width': 2-4 pixels 

Optical slope: 1:10-1:2 
Roundness: 0-0-5 
Moment: 10-100 

■ IV) Determination of the antibiotic's sensitivity 
on the basis of the change in a morphological 
parameter and change of cell count of the 
microorganisms . 

Bacteria were grown overnight in MH medium and 
then the preparations were diluted 1000 . fold into a fresh MH 
medium and incubated at 37 °C for 2 hours. The culture was 
then diluted to a final concentration of 1x10 ' /ml and 1ml of 
this cell suspension was added into a series of tubes 
containing 1ml of MH medium with. a tested antibiotic drug. 
Three different concentrations of each drug were tested. 
Three tubes with no drugs served as control : one in which . 
growth was arrested at t=0 and two which were incubated 
concurrently with the drug containing tubes for 120 min. 
After 120 minutes (and at t=0 for one control), 1 ml from 
each of these tubes was transferred into an Eppendorf tube 
and then stained with Pi and growth was arrested as 
described above. 

In order to . assess antibiotic sensitivity each of 
the above described four morphological parameters was 
determined both in the tested sample as well as in the 
control sample and the determination of the degree of 
sensitivity was carried out as follows: 
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A) Each morphological parameter was determined for 
each bacterium identified in the sample. 

B ) An average for each morphological parameter for 
all the bacteria in the sample was calculated. 

O The ratio between the average after exposure to 

antibiotics with the average obtained without exposure to 
antibiotics was calculated. 

If this ratio was larger or smaller (depending on 
the measured parameters) than a certain first boundary level 
which was determined specifically for each parameter, it 
received a score of 100. If this ratio was below or above 
(again depending on the measured parameters) a certain 
second boundary (which was also defined for each parameter) 
it received a score of 0. If the ratio was between these two 
boundaries, it was given a score between 0-100, linearly 
dependent on its value between the two boundaries. 

The boundaries defined f or . each of the ratio 
(listed according to the relevant parameters ) is shown in 
the following Table II: 



TART.E IX 



PARAMETER 



Length 
Width 

Optical Slope 
Moment 
Roundness 
Area 



SECOND 
BOUNDARY 
(Score of 0) 

1.0 
1.0 
1.0 
1.0 
1.0 
1.0 



FIRST 
BOUNDARY 
(Score of 100) 

2.0 

1.5 

0.75 

4.0 

2.0 

2.0 



In addition to comparing the morphological 
parameters between the treated and the control sample as 
above, also the number of bacteria detected in the 50 
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arbitrarily chosen fields as described above was compared 
between the control and "the tested sample. The ratio between 
the numbers in the. two cases was determined 
(treated: control ) , the minimal boundary was determined at 
0.5 and the upper as 0.25. A value between these two 
boundaries was given a score between 0-100 similarly as 
above. 

Each of the above five scores , namely the four 
morphological scores and the one corresponding to the change 
in number was weighted in the following manner: the score of 
the change in bacterial concentration was given a weighing 
factor of - 0 . 4 and each of the morphological scores a 
weighing factor of 0.1. In this manner a weighted average 
was obtained. The bacteria were considered sensitive if the 
final weighted average score was 50-100 and were considered 
resistant if the score was 0-35. The other scores were 
considered as intermediates. 

In order to determine the reproducibility of the 
method, the standard strains E. coll 25922 and P. 
aeruginosa 27853 were each tested at least 3 times for each 
of the 5 drugs used in this study. The three tests were 
carried out on different days each time with, a new bacterial 
preparation in order to avoid bias, two different 
technicians carried out these experiments which were divided 
randomly between the two. 

V) The standard antimicrobial susceptibility 
Assay. 

The broth dilution antimicrobial .susceptibility 
test was employed as detailed in NCCLS document M7-T2, Vol. 
8 No. fl (1988). Both macro-dilution and micro-dilution 
assays vere carried out in parallel for each tested 
microorganism. Mueller-Hinton (MH) (Difco) was used 
throughout the test. The standard E. coll ATCC 25922 strain 
was used as an internal control for "each test. 



- 2^- 



WO 93/21511 



PCT/GB93/00710 



Classification of each strain as either resistant (R), 
sensitive ( S ) or intermediate ( I ) was based on comparing the 
MIC results obtained with the MIC interpretive .standards set 
forth by NCCLS. 

EXAMPLE 1 : Obtaining a cell count by the method of the 
present invention 

Bacterial cells were suspended in phosphate 
buffered saline (PBS) in various concentrations of cell/ml. 
A sample of each suspension was then prepared for microscopy 
and tested - in accordance with the method of the present 
invention as described in detail above. For some 
concentrations two or three repetitions were made. The 
results are shown in Fig. 5 in which the abscissca gives 
actual cell numbers while the ordinate gives cell counts, as 
determined in accordance with the method of the invention. 
( open squares show individual results and open triangles 
average of the individual results at the same cell 
concentration ) . 

It may be seen that although the measured cell 
counts slightly deviate from the actual cell number at 
higher concentrations, ' the overall agreement between actual 
and measured cell counts is remarkable. 

It should be noted that the deviation may be 
easily compensated by a correction factor for higher cell 
counts . 

EXAMPLE 2 : Determining cell counts in milk 

144 fresh milk samples were tested to determine 
cell counts both by the method of the present invention and 
by the standard plating method described above. The results 
obtained are shown in Figure 6 ( abscissca-cell count 
obtained by the standard method; ordinate cell count- 
obtained by the method of the present invention). 
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As can be seen both cell counts are in excellent: 
agreement with one another. 

EXAMPLE 3 : Comparison of cell counts in clinical sample 

obtained by a standard method versus the method in 
accordance with the present invention. 

Cell counts in' 24 urine samples obtaineid from 
various individuals were determined both by standard methods 
and by the method of the present, invention. 

A graphical representation of the cell count 
obtained by the method of the invention versus a cell count 
obtained by the standard plating method is shown in Fig. 7 
(abscissa - cell count in accordance with the invention? 
ordinate - cell count by the standard method). 

Again it may be seen that the results of both 
methods are in excellent agreement with one another. 

EXBMPLE 4: Determination of the susceptibility of bacteria 
to antibiotic drugs . 

A) Comparison of the method in accordance with 
the present invention with standard prior art 
method for determining antibiotic sensitivity. 

Various bacterial strains, both standard ATCC 
strains as well as such isolated by the inventor from 
clinical samples were tested for sensitivity to 5 common 
antibiotic drugs, both by the' method of the present 
invention as well as by the standard broth dilution method. 

The results obtained with various antibiotic drugs 
are summarised in the following Tables III-VII (each Table 
represents an experiment with a different antibiotic drug). 
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TABLE III 
Cephalothin 

BACT. BACTERIA MICS SENSITIVITY 

Std. Inv. 



ATCC 


E. coli 


10 


S 


S 


39 


E165 


E . coli 


10 


S 


S 


100 


8227 


E . coli 


10 


s 


s 


40 


8492 


E. coli 


10 


c 


s 


100 

-J- W \J 


8494 


E. coli 


3 


s 


s 


40 


A8562 


E. coli 


>64 


R 


R 


0 


K110 


Klebsiella 


>100 


R 


P 
* * 




KATCC 


Klebsiella 


10 


s 


s 


98 


M197 


Proteus 


3 


s 


s 


71 


VI 88 


Proteus 


10 


s 


s 


47 


3766 


Proteus 


>100 


R 


s 


100 


3728 


Proteus 


>100 


R 


R 


0 


P138 


Pseudomonas 


>100 


R 


R 


10 


PATCC 


Pseudomonas 


>32 


R 


R 


5 



BACT - Inventor's Bacteria Designation 

MICS - Minimal inhibitory concentration (in pg/ml) obtained by 

the standard broth dilution method. 
Std. - Standard method 
Inv. - Method of the invention 

R - Resistant; S - Sensitive 
Score - Score obtained by the method of the invention. 
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BACT. 



EACTERIA 



TABLE XV 
(Ampicillin) 

MICS 



SENSITIVITY 
Std. Inv. 



SCORE 



A117 

ATCC 

ATCC 

ATCC 

E119 

E128 

E148 

El 63 

E165 



Enter ob 
E . coli 
E. coli 
E. coli 
E. coli 
E . coli 
E- coli 
E. coli 
E.. coli 



>32 
4 
• 4 
4 

>32 
4 

>32 
4 
4 



R 

S 

S 

S 

R 

S 

R 

S 

s 



R 
S 
S 

s 

R 
S 
R 
S 
S 



7 
90 
94 
75 
0 
85 
0 
98 
100 



K110 
KATCC 



Klebsiella 
Klebsiella 



10 
>100 



S 
R 



S 
R 



100 
14 



P3480 
P3499 
P3719 
P3728 



Proteus 
Proteus 
Proteus 
Proteus 



>100 
>100 
1 
1 



R 
R 
S 
S 



R 
R 
S 
S 



3 
1 

100 
100 



See Footno-ce Table III 
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TABLE V 
(Nalidixic acid) 



EACT. 


BACTERIA 


MICS 


SENSITIVITY 
Std. Inv. 


SCORE 


ATCC 


E. 


coli 


2 


S 


S 


95 


E1134 


E. 


coli 


>64 


R 


R 


13 


E128 


E. 


coli 






o 




E165 


E. 


coli 


8 


S 


s 


100 


E184 


E. 


coli 


8 


s 


s 


86 


E185 




coli 


Q 
O 


s 


s 


i on 


E904 


E. 


coli 


>64 


R 


R 


2 




E. 


coli 


>64 


R 


R 


0 


KATCC 


Klebsiella 


2 


S 


S 


99 


K110 


IClebsiella 


8 


S 


S 


49 


3766 


Proteus 


8 


S 


S 


60 


3780 


Proteus 


>64 


R 


R 


12 



See Footnote Table III 
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TABLE VI 



( Trimethoprim-Sulfamethoxazole ) 



EACT. 



EACTERIA 



MICS 



SENSITIVITY 
Std. Inv. 



SCORE 



E165 

E2222 

E3319 

E3347 

E3347 

E163 

EATCC 

EATCC 



E . coli 
E . coli 
E . coli 
E . coli 
E. coli 
E . coli 
E. coli 
E. coli 



>32 
0.3 

3 

>100 
>32 
1 • 
0.5 
0.5 



R 
S 
S 
R 
R 
S 

s 
s 



R 
S 
S 
R 
R 
S 
S 
S 



1 

100 
55 
3 
3 
86 
84 
99 



K110 
KATCC 



Klebsiella 
Klebsiella 



10 



68 
100 



M197 
V188 
3766 
3480 
3499 



Proteus 
Proteus 
Proteus 
Proteus 
Proteus 



3 
1 

>100 
>100 
3 



S 
S 
R 
R 
S 



S 
S 
R 
R 
S 



97 
51 
4 
26 
100 



P138 
PATCC 



Pseudomonas 



Pseudomonas 



>32 



>32 



0 
2 



See Footnote Table III 
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TABLE VII 



( Gervcamicin ) 



BACT. 



BACTERIA 



MICS 



SENSITIVITY 
Std. Inv. 



SCORE 



A8562 
ATCC 
E163 
E185 



Abacter 
E. coli 
E. coli 
E. coli 



>100 
1 

0.5 

1 



R 
S 
S 
S 



R 
S 
S 
S 



0 
73 
67 
87 



K110 
KATCC 



Klebsiella 
Klebsiella 



1-4 



0.5 



R 



17 
80 



V188 



Proteus 



67 



P3601 
PATCC 



Pseudomonas 



Pseudomonas 



>100 



2 
60 



See Footnote Table III 
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3 ) Reproducibility Experiments 

In order to evaluate the degree of reproducibility 
of. the method in accordance with the present invention two 
standard NCCLS recommended strains E. coli ATCC 25922 and 
Pseudomonas aeruginos a. 27853 were tested for each of the 
five drugs tested in A above . Each test with each strain was 
repeated three times, independent repeat performed on 
different days by different laboratory technicians. The 
results are shown in the following Tables VIII-XI. 

TABLE VIII 

( Trimerhoprim-Sulf amethoxazole ) 



BACTERIA 


MICS 


SENSITIVITY 
Std. Inv. 


SCORE 


E. coli 


0.5 


S 


S 


99 


E. coli 


0.5 


S 


S 


81 


E. coli 


0.5 


S 


S 


61. 


Pseudomonas 


>32 


R 


R 


2 


Pseudomonas 


>32 


R 


R 


1 


Pseudomonas 


>32 


R 


R 


0 



See Footnote Table III 
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TABLE IX 



( Ampicillin) 



BACTERIA 



MICS 



SENSITIVITY 
Std. Inv. 



SCORE 



E. coli 
E. coli 
E . coli 
E . coli 
E . coli 
E . coli 



4 
4 
4 
4 
4 
4 



S 
S 

s 
s 
s 
s 



s 
s 
s 
s 
s 
s 



90 
94 
75 
90 
98 
100 



See Footnote Table III 



TABLE X 



(Gentamicin) 



BACTERIA 



MICS 



SENSITIVITY 
Std. Inv. 



SCORE 



E . coli 
E . coli 
E . coli 



1 
1 
1 



S S 

s s 
s s 



73 
100 
100 



Pseudomonas 



Pseudomonas 



Pseudomonas 



1 
1 
1 



s s 
s s 
s s 



60 
60 
60 



See Footnote Table III 
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TABLE XI 
(Nalidixic Acid) 



BACTERIA 


MICS 


SENSITIVITY 
Std. Inv. 


SCORE 


E. coli 


2 


S 


S 


95 


E. coli 


2 


S 


S 


100 


E. coli 


2 


S 


S 


81 


Pseudomonas 


>128 


R 


R 


2 


Pseudomonas 


>128 • 


R 


R 


2 


Pseudomonas 


>128 


R 


R 


4 



See Footnote Table III 
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As can be seen in this Example, the method in 
accordance with the present invention classified the 
standard strains correctly as susceptible or resistant in 
almost all cases. In 96% (49/51) of the cases in which 
urinary isolates were examined, the method of the present 
invention yielded results identical with those obtained by 
the standard method (microdilution and macrodilution which 
were performed in parallel on each sample) in terms of 
susceptibility or resistance. 4% (2/51 of the cases) were 
determined incorrectly by the method of the present 
invention as compared to the standard method: one case was 
falsely determined as sensitive and one case falsely 
determined as resistant. 

As described above, the results were obtained 
after 2 hours of incubation with the antibiotic drug. 
However, the incubation period may be considerably reduced - 
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CLAIMS 

1- A computerised image analysis method for 
detecting microorganisms in a sample comprising placing a 
specimen from the sample in a microscope , recording the 
image viewed through the microscope by appropriate image 
recording means, analysing the image to identify particulate 
objects therein and classifying these objects as 
microorganisms or non-microorganismal objects, which 
classifying comprises determining the spacial distribution 
of brightness throughout each of the objects. 

2 - A method according to Claim 1, wherein said 
classifying comprises determining the optical slope being 
the change in brightness across the edge of the object. 

3 - A method according to Claim 1, wherein said 
classifying comprises determining the moment being a product 
of the light intensity of each point in the object and its 
distance from the ob jeer's centre. 

4 * A method according to Claim 2, wherein the 

classification comprises establishing whether said oprical 
slope falls within a certain range, an object which is 
classified as a microorganism having said optical slooe 
within said range. 

5. A method according to Claim 3, wherein the 
classification comprises establishing whether said 
moment falls within a certain range, an object which is 
classified as a microorganism having said brightness 
variance within said range. 

6. A method according to any one of Claims 1 to 5, 
wherein the classification of an object as a microorganism 
comprises also the determination of the object's length, 
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width, area and its overall shape. 

7- A method according to Claim 6, wherein the 

characterization of the object as a microorganism . is based 
on its position in a multidimensional parameter field, the 
parameters being two or more of the group consisting of 
said optical slope, said brightness varianced, length, width 
and overall shape. 

8. A method, according to Claim 7, wherein the 

object's position in said multidimensional parameter field 
is used to further characterise the type of the 
microorganism. 

9- A method according to any one of Claims 1 to 8, 

comprising determining the concentration of microorganisms 
in a sample. 

10* A method for determining the sensitivity of 

microorganisms to an antibiotic drug which comprises 
preparing a test mixture comprising the microorganisms and 
the antibiotic drugs and a control mixture comprising the 
microorganisms, but without the antibiotic drug, incubating 
both mixtures under the same conditions for the same amount 
of time and determining the concentration * of the 
microorganismal cells after the incubation in -both mixtures 
characterised in that the concentration of the 
microorganismal cells is determined by the method of 
Claim 9. 

11- A method for determining the sensitivity of 

microorganisms to an. antibiotic drug which comprises 
preparing a test mixture comprising the microorganisms and 
the antibiotic drugs and a control • mixture comprising the 
microorganisms, but without the antibiotic drug; incubating 
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both mixtures under the same conditions for the same amount 
of time, measuring the * microorganisms 1 morphological 
parameters and determining the sensitivity on the basis of a 
change in these parameters between the two mixtures. 

12. A method according to Claim 11, wherein the 
determination of the microorganisms 1 morphological 
parameters is performed by the method according to any one 
of Claims 1 to 8. 

13. A method according to Claims 11 or 12, wherein 
said morphological parameters are selected from the group 
consisting of the object's length, width, area, overall 
shape, moment and optical slope. 

14. A method according to Claim 10, comprising 
determining the change in the microorganisms* morphological 
parameters between the test and the control mixtures. 

15. A method according to Claim 14, wherein said 
parameters are selected from the group consisting of the 
object's length, width, area, overall shape, optical slope 
and moment. 

16. A system for carrying out the method according to 
any one of Claims 1 to 15, which comprises a microscope, 
means for recording the image viewed through the microscope, 
means for digitising the recorded image and image processing 
means, characterised in that said image processing means are 
adapted to determine the optical slope and/or moment of the 
objects recorded by said image recording means. 
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